Introduction
Video detection has become a popular replacement for traditional loop detectors at signalized intersections. While loop detectors are a relatively mature device, the experience with video detection is much more limited. The Indiana Department of Transportation suspended the deployment of video detection subsequent to a 2001 JTRP report detailing several problems with the technology. These included missed calls at night at intersections with limited lighting and the tendency for video detectors to extend detection zones significantly at night due to headlight reflection off of the pavement.
In 2002, suggestions to improve the performance of video detection were posed by video detection manufacturers. They were primarily concerned with the placement of cameras, and suggested a preferred lateral offset and camera height.
In late 2003 and the summer of 2004, two test beds were constructed at signalized intersections in Noblesville, Indiana and West Lafayette, Indiana respectively. A camera was located at the vendor preferred location and several other cameras were located at slightly less optimal locations.
This report details the procedures used to evaluate three separate video detection systems at one of the test sites with respect to missed presence calls and false presence calls. A procedure to evaluate the consistency of detection zones between day and night lighting conditions is also presented. The conclusions of this report provide the Indiana Department of Transportation with important considerations when choosing detection technology at signalized intersections.
Findings
Autoscope (version 8.10), Peek UniTrak (version 2), and Iteris Vantage (Camera CAM-RZ3) were evaluated on the same traffic conditions at the Noblesville test site. All video detection systems were observed to fail to detect a large number of vehicles. Such performance is unacceptable and justifies INDOT's moratorium on video detection at signalized intersections. Furthermore, the high number of false calls is unacceptable due to the resulting motorist delay.
Implementation
This report provides a comprehensive evaluation of the Autoscope (version 8.10), Peek UniTrak (version 2), and Iteris Vantage (Camera CAM-RZ3) stop bar video detection systems at signalized intersections. The deployment of video detections systems at signalized intersections is not recommended due to the following:
• Each video detection system showed a moderate to high number of missed and false calls over the two test periods.
• The loop detector showed only one missed call and 1 false call over both 48 hour test periods. The missed call was due to a wild vehicle path, while the false call was due to an unexplained eightsecond extension.
• None of the three systems appeared to provide superior performance over the other three. The most accurate and reliable technology was the traditional loop detectors.
• The accuracy of all three systems appears to degrade with time and it appeared that a re-calibration was necessary only four months after the initial installation by factory representatives. • The nearside above stop-bar video detection location should be used when possible to ensure the most consistent video detection zones function during both day and night operation.
INTRODUCTION
• Even with this near side mounting of video detectors, traffic engineers should deploy video detection only when they are willing to accept the stochastic variation in detection zone performance that this paper has quantified at a well lit intersection configured by a highly trained manufacturer representative. Traffic engineers should also be cautioned that the stochastic variation in detection zones would be larger when used at poorly lit intersections.
• In the long term, it is essential that video detection manufacturers develop strategies to account for headlight effect in their detection algorithms to provide more consistent video detection zones across different lighting conditions. were not in agreement were observed on a recorded video to determine the cause of the discrepancy. The advantage of this procedure is that the detector is operating in a real world situation, and not from a pre-recorded video that may cause poorer performance due to poorer video quality or because the video detection system is not operating with the camera as it normally does in the field where the system can potentially adjust camera settings in real time to improve performance.
MacCarley and Palen (3) have suggested a procedure, with video detection in mind, that considers the impacts of detector missed calls and false calls. Specifically, during the green phase, the phase can either be incorrectly extended due to false calls or incorrectly terminated early due to missed calls.
Similarly during a red phase, a false call can be placed to incorrectly call a phase or a missed call may prevent a phase from being called.
Bonneson (4) accounted for the impact of video detection errors to signal
operations through the metrics of discrepant call frequency and error rate.
Discrepant call frequency is the number of discrepant calls per signal cycle and error rate is the ratio of error calls to correct calls. This research also identified two metrics that would be easy to collect and could be related to intersection performance. These metrics are phase max-out and control delay. Using these two metrics, different detector set-ups for the video detectors were evaluated. These metrics could also be used for a comparison of a video detector to a loop detector. Phase max-out refers to the percentage of signal phases that terminate because they reach the max green time rather than gapping out. Theoretically, an efficiently operating intersection will gap out more frequently than it reaches the max green time. Obviously, at an oversaturated intersection, the phases would tend to reach the max green time and it would be difficult to distinguish between the performances of multiple detectors. The second metric, control delay, simply refers to the amount of delay that is incurred by the motorists due to the signal control. From a traffic engineering perspective, there are several reasons that a crisp and consistent detection zone is desirable. The traffic signal controller reacts to traffic conditions through the information that is gathered from vehicle detectors. When a detector operates differently, due to a factor such as the ambient lighting condition, the traffic signal will effectively operate differently as it responds to the inconsistent information from the vehicle detector. The traffic engineer will therefore have to program not only by time of day but also by day of year to ensure consistent operation across lighting conditions. The traffic engineer may not be able to account for other factors that effect detector performance but do not occur on a predictable schedule.
Accurate detection is not only noticeable from the traffic engineer's perspective but also from the general public's perspective as highlighted in a recent Washington Post article describing the problems the Virginia Department of Transportation encountered with a new video detection system and the corresponding frustration experienced by motorists due to the inefficient transportation system (6).
The theoretical foundation for determining when to terminate a green phase is based upon the flow-density curve to determine when the flow rate drops below a predetermined threshold (Figure 3-1a) . For example, if vehicle headways are consistently in the range of 2.0s, the approach can be assumed to still be in the saturated regime. However, when headways fall below a prescribed threshold, for example, Point 2 in Figure 3 Consequently, one can conclude that crisp detection zone operation is essential during the green phase. During red signal phases where the signal reacts to the presence of a vehicle and not to a measured value such as headway, a crisp, deterministic detector activation time is less crucial to efficient signal operations. Quantifying the consistency of the activation and de-activation of a detection zone is discussed in the subsequent sections.
Detector Zone Length Calculations
The headlight effect on gap measurement is illustrated in Figure 3 The relationship between flow and density is shown in Figure 3-1a . As the density of traffic increases, the flow rate also increases up until point 1 where jam density is reached.
In Figure 3 -1b the relationship between flow and headway is displayed. As headway increases, the corresponding flow rate decreases. This is important from a traffic signal operations perspective because headway is often used to measure flow rate to determine when to extend a green phase for heavy traffic flow or terminate a green phase once the flow rate of traffic drops below a certain threshold.
Headway is indirectly used at signalized intersections by measuring the gap between vehicles. The gap is measured by the time that a detector is off between vehicle actuations.
At night, video detectors may activate early due to headlight reflection off of the pavement. This early activation will cause the gap times and indirectly headway to be measured inaccurately. As headlights activate video detectors early, the effective length of the vehicle is larger than the actual length of the vehicle and the controller may extend phases unnecessarily due to the measured headways being shorter than the actual headways.
In Figure 3 
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Northbound Approach -West Lafayette, Indiana In order to verify the qualitative observations, statistical analysis was performed for each camera to quantify the differences between day and night on all of the activation and deactivation histograms for all four directional approaches at the West Lafayette test intersection.
Statistical Analysis
The student's t-test is used to verify statistically that there exists a difference in the means of the on-times and off times between the day and night periods. This test is summarized in Table 5-1 and Table 5 -2 for the activation and deactivation residuals, respectively. The figures include the mean, standard deviation, sample sizes for both day and night, as well as the t statistic for the comparison of the two means and the resulting statistical conclusion of significance (α=0.05). The 95% confidence interval is also included for the activation and deactivation times in these two tables.
For activation times, all of the cameras in the test with the exception of SB2 showed a statistically significant earlier activation time for the night period when compared to the day period. This result was expected, as by observation, the video detectors tend to activate early because of headlights. As can be seen in the difference in means column of Table 5 -1, the Camera 4 position demonstrated the lowest average difference in means on all approaches. This camera position is mounted directly over the detection zone and is therefore less susceptible to early activation from headlight reflection.
The deactivation times were more consistent between the day and night periods although 9 of 16 cameras still showed a statistically different deactivation time between day and night. The average deactivation times were not consistently earlier or later than the average times during the day. Also the differences in average deactivation times were not as pronounced as they were for the average activation times. Therefore, while there is inconsistent performance in the deactivation times it is relatively minor and does not seem directly correlated to an observable phenomenon such as headlight effect. To maintain consistency in detector performance under different lighting conditions, gap times must be adjusted by time of day and day of year. This is particularly important in areas of the country where the morning or evening peak periods, occur under low light conditions. These periods may be particularly important as the peak periods are when the most efficient signal operations are desired. However, adjusting gap times by time-of-day and day-of-year may not be feasible to many agencies, especially since the extent of early activation will vary by each signal location due to factors including camera placement, ambient lighting conditions and the degree to which the roadway surface reflects headlights. For example, the headlight effect may be even more pronounced during wet pavement conditions from rainy weather or melting snow, and could not be accounted for in a pre-programmed operation.
The above stop-bar video detection (Cam4 -West Lafayette) provides the smallest variation between night and day operation. The orientation of the camera on the near side of the intersection provides the best position to guard against reflections from the pavement causing false early detections.
Variations in video detector de-activation times are relatively small between day and night conditions.
Recommendations
The nearside above stop-bar video detection location should be used when possible if more consistent video detection zones are desired. Even with this near side mounting of video detectors, traffic engineers should deploy video detection only when they are willing to accept the stochastic variation in detection zone performance that this paper has quantified at a well lit intersection configured by a highly trained manufacturer representative. Traffic engineers should also be cautioned that the stochastic variation in detection zones would be larger when used at poorly lit intersections.
In the long term, it is essential that video detection manufacturers develop strategies to account for headlight effect in their detection algorithms to provide more consistent video detection zones across different lighting conditions.
